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Abstract

A performance management team.was implemented at the
Engineering Branch of the 2750 Civil Engineering Squadron at
Wright-Patterson Air Force Base. The team ifocused on the
process of reviewing projects designed by architect-
engineers and the Corps of Engineera. As a result of this

cuce 'l

team effort,cimprovements to the process were madq&"More
timely and better comments were'being provided to the
degigners. after the improvement actions.

From the experiences gained in the analysis of thi=s
case, ra three day training course was developed. This
course wag created to provide the tools and attitudesz needed
to begin performance management effortse in other Engineering
Branches. The course was designed to provide a starting
point, and as a guide to the performance management effort. - 1~

The course rwas structured to be presented at the
squadron location, in order to teach people in their own
environment. Topicg included were the distinctives of
the engineering environment, undergtanding the process
framework, the use of measurement in evaluating work
processes, and employee participation.” The use of’the

course was recommended for the base level Engineering
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A PERFORMANCE MANAGEMENT FRAMEWORK
FOR CIVIL ENGINEERING

I. Introduction

—— o ——— — —— ——— o ——

General Issue

——— o — ———

The Department of Defense has recognized the potential
for benefits from the implementation of Total Quality
Management (TQM) conceptg in military organizations. To
achleve these benetfits the Secretary of Defense has
instructed military organizations to implement TQM
(Department, 1989b:2). Air Force Civil Engineering
Squadrons are among the organizations atfected by this
instruction. Direction is needed regarding how to
accomplish this implementation in a Civil Engineering
Squadron, as well as guidance in the type of benefits to be
sought.

TQM 12 gaining great publicity in organizations
throughout the countr&. Most of this exposure, however, is
in manufacturing. Service organizations, such asz a Civil
Engineering Squadron, have needa and goals which differ from
their manufacturing counterparts. Likewise, application of
TQM in military and government organizations will encounter
different obstacles than in private organizations where
profit is the goal. To be uased succezsfully, the TQM

concepts need to be adapted to the unique nature of an Air




Force Civil Engineering Squadron. To differentiate the

management philosophy needed for éivil engineering from TQM,
the term performance management will be uzed to describe the
attitudes, tools, and framework needed to direct improvement

efforta in this setting.

Government and industry have come to understand
that previously acceptable norms of goods and
gervices are no longer acceptable. Customer
satisfaction, reliability, productivity, coste, and
for industry, market share, profitability, and even
survival are directly affected by the quality of an
organization’s products and performance.

Therefore, it becomes egsential to develop
attitudes and systems -- at all levels of an
organization -- that promote and implement
continuous improvement of procedures, procesgses,
products, and services. Those attitudes and systems
are the focus of Total Quality Management (TQM).
(Department, 1989a:2)

The drive for performance management can be summed up
in the old adage, “an ounce of prevention is worth a pound
of cure.” For too long managers both within and outside of
government have been content to let well enough alone and
only act whén problems became apparent. A performance
management framework must emphasize the importance of
analyzing the status of performance today and seeking to
improve it for tomorrow (Department, 1980a:8).

The kind of perspective management needs is one which
is future oriented. Quality provides just such a
perspective. Quality is an important ingredient in overall

performance. When managers make the quality of their




products and processes the target of their efforts, they are
looking toward being competitive in the future as well as
today (Townsend and Gebhardt, 1986:20). Quality products
are products which endure, ensuring that there will be
demand for such products long after other competitors have

disappeared.

The 0ld Philosophy

If it ain’'t broke, don’'t fix it.

The New Philosophy

An ounce of prevention is worth a
pound of cure.

Figure 1. Philosophy Change for Performance Management

Performance improvement is an ongoing process. There
is never a point where the concerned manager can
realiastically gay "this i3 asz good as it can get." At any
given time, there will always be improvements which can yet
be made. Managers need to make a commitment to scrutinize
the activity of organizations continuously to determine
where additional improvements might be made. When one of
these improvements is implemented, attention needs to be
given to other aspects of performance which can also be made

better. (Roth, 1989:26)




Among profit-making companies, it has been declared
that quality is the proposal which affects the profits of a
company most. In fact, it has been estimated that the cost
to American companies due to inferior quality is in excess
of thirty percent of their gross sales (Townsend and
Gebhardt, 1989:18). This alarming figure is a direct
challenge to improve quality. The government organization
should not consider itself an exception. While not having
profit as a measure for quality of performance, untold
resourceg are squandered due to poor quality. This waste
results from rework after poor initial work, and trom
inefficiency of operation.

Performance management has three principal orientations
by which organizationa are encouraged to pursue quality:
l)customer orientation; 2)process orientation;
3)participation orientation. Firsgt, the cuastomer
orientation forces identification of the internal and
external customers of the organization. Satisfaction of
these customers then becomes the measure of quality in this
orientation (Department, 1989a:6-7). Internal customers are
those within the organization who receive output from the
particular unit. For example, when the engineering
department prepares a drawing showing the maintenance
department how to install a new component, the maintenance
personnel are internal customers of the engineering

department. External custcmers are those outside the




organization which receive output or products. The
orgahization then sets better service to these cuastomers as
a goal (Kacker, 1988:40). For an engineering company in
particular, the degree to which it meets obligations and
promises to clients (customers) is indicative of commitment

to quality (Armentrout, 1986:144).

Process Participation
Orientation Orientation
Performance
Management
Customer
Orientation

1) Internal
2) External

Figure 2. The Viewpoint of Performance Management

Secondly, performance management stresses a process
orientation. The processes which comprise the business ot
the organization are the emphagis for improvement . This
requires identifying these processges, and determining who isg
respcnsible for their successful completion (Kacker,
1988:41). Opportunities for improving the way these
procegseg are done are identified, no matter how gmall. It

ig the combination of these gmall improvements which will




eventually produce significant results (Department,
1989a:10-11). For example, the engineering branch may
identify the review of design drawings for new buildings as
one process for which the Chief of Design is the person in
charge. This design review process would then be examined
for potential improvements.

Finally, performance management needs to be
participation oriented. The basis for this iz that no
manager has all the beat ideas. The input of the workers
involved, thosge closest to the action, muat be included to
truly achieve the performance improvements desired. When
employees become aware that their ideas are being listened
to, they will want to contribute. Listening to what they
have to say will be beneficial (Department, 1989a:14).
Using such a participative approach with engineers is
especially productive, due to the_training and talents that
these individuals typically have (Stewart and Calloway,
1982:113). Engineers are familiar with the problem solving
process used in their design work. The management skills

engineers gain in leading design teams is also an advantage.

Previoug research has examined the initial
implementation of TQM in the Operations and Maintenance
Branch of a Civil Engineering Squadron (Wertz, 1989). This
research will pursue a subject suggested by this previous

regearch: Development of a training course and handbook




detailing a method to implement a performance management
framework in the Contract Engineering Branch. The design
and steps to implement such a framework in the Engineering
Branch at Wright-Patterson AFB, Ohio will be documented.

The change in attitude toward quality accompanying this
implementation will be measured using a quality survey.

This will help evaluate the degree to which a transformation
of viewpoint is needed before performance management can be
effective.

The Contract Planning and Engineering Branch of an Air
Force Civil Engineering Squadron (Engineering Branch) is
regponsible for planning, designing, and supervising the
contractual performance of projects which maintain or

improve the physical plant of an Air Force base. This

Program Design Manage Construction
Project C:> Project ':‘\'> of Project

Duties:

1) Coat Est. 1) Design Dwgs. 1) Inspection
2) Fiscal ¥Yr. 2) Specifications 2) Change Orders
3) Requiremts. 3) Detailed Cost

Eatimate

Figure 3. The Contract Project Process

phyaical plant includeg the roads, utilitiesz, facilities,

and grounds. A significant difference between the

Engineering Branch and the Operations and Maintenance Branch




previously studied is that the Engineering Branch employsa
more professional and technical personnel, whereas the
Operations Branch employs more craftemen and adminiatrative
people. While both have a gervice orientation, thisa
difference in personnel may lead to differences in usge of
the performance management concepts. Thies rezearch will not
repeat the efforts of the previoue research. Rather, a
framework for the implementation of performance management
specifically tailored to the Engineering Branch of Air Force

Civil Engineering will be developed.

——— v —————— — — — — - o —— w0 e

The Department of Defense (DoD) has been instructed to
implement TQM across all organizations in the armed forces
(Department, 1989b:2). This approach to management has been
found to produce significant improvement of job satisfaction
among workers, productivity levels, cost reductionz, and
cugstomer satisfaction. The Japanese were the first to adopt
TQM on a large scale and to demonstrate {its potential
(Walton, 1986:28-32,122-123). The United States Qovernment,
recognizing the benefits to be gained for its own military,
decided to have federal organizations initiate such
management programs. Air Force Civil Engineering is thus
regsponsible to accomplish this transformation within its own
ranks. The TQM conceptas muat be adapted into a framework

tor performance management tailored to the civil engineering

environment.




This regsearch will closely examine the actual
implementation of a performance management framework in an
Air Force Civil Engineering environment. It will document
the steps taken, the difficulties encountered, and the
results obtained. A training course and handbook will be
developed specifically designed for the Engineering Branch
to aid in the implementation of performance management.
This research will further measure the extent, if any, to

which the attitudes of the personnel associated with this

implementation in the squadron are altered toward their role

in performing well. The extent of any improvements in the
procesgses underlying the work of the squadron will also be

documented.

Table 1. Research QGoals

1) Document and analyze the
implementation of performance
management.

2) Develop a training course and
handbook to aid in efforts to implement
performance management in other
engineering branches.

3) Meazure any change in attitude toward

quality accompanying implementation of a
performance management framework.

This information should prove valuable to Air Force
Civil Engineering managers preparing to implement

performance management in their own organizations. In




addition, a statement can be made of how effective the
implementation is in the target Civil Engineering Squadron.
To the extent allowed by the research method adopted, this
information may be extended to the potential effectiveness
of performance management in other squadrons. This
information will be the foundation for a training course and
a handbook, recommending methods and options for
implementing a performance management framework. This
training course and handbook will facilitate the use of the

legsgong learned in this research.

—— -, memm e e e ——

The target for research iz the Engineering and Contract

Planning Branch of an Air Force Civil Engineering Squadron.

Air Force

—— v e e s e e e —— — - —

- — T S — — . ——— ——— ——— —— " — o T ——— T —— A ——— — — — —— o ——— ———

Housing i | Industrial En§;J ' [Other Branche§1 '
Operations & Engineering Fire
Maintenance Prevention
Previous This
Research Regearch

Figure 4. Civil Engineering Organizational Chart
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Research regarding implementation of TQM in the Operations
and Maintenance Branch was previously performed (Wertz,
1989) . Housing, Industrial Engineering, and other branches
will not be addressed. The Engineering and Contract
Planning Branch is the largest of the branchkes not included
in the previousg research, and has therefore been chosen as
the next branch to be concentrated on. In addition, the
researcher ig familiar with the working of this branch,

tacilitating this research.

In order to accomplish the purpose for this research,
the following specific questions will need to be anaswered:

1. How has TQM been utilized in other gimilar
organizations? What benefits have been
achlieved? What changes need to be made to
adapt TQM to the Contract Engineering Branch?

2. What opportunities and needs exist within the
Engineering Branch for improvement?

3. What training of personnel is used prior to or
during implementation of TQM?

4. What obstacles are encountered during the
initial implementation of TQM?

5. What short range benefits can be measured after
implementation of TQM?
6. What outside resources (i.e. private

contractors or procured training) are needed

to facilitate the performance management
effort?

7. How do attitudes toward quality of work change
among employeeg involved in performance
management?

8. How is a performance management framework used
to guide improvement etfforts in the
particular situation of an Engineering
Branch?

9. What guidance do Engineering Branch managers
need to deszign and implement a performance
management framework in their organizationg?

11




TR ——— - — —— —— - — ———— — ———————

Chapter I presents the introduction to the subject for
research and a description of the problem and investigative
quegtiona. The purpose and acope are given.

Chapter II presents a review of the literature
pertinent to the subject of research. The chapter is
divided into topics relevant to performance management
and itg implementation in an engineering environment.

Chapter III describes the methodology used to answer
the investigative questions. Reasons for selecting the
particular methodology are also given.

Chapter IV summarizes the data obtained through the
regsearch. Tables are included to consolidate the results.

Chapter V explains the results and drawg appropriate
conclusions from the data, and makes recommendations for

further regearch.

Performance management is a framework of attitudes and
tools for managers to use to increase the performance of
their organizations. It stresses customer satisfaction,
process improvement, and employee participation. Air Force
Civil Engineering Squadrons have been instructed to
implement TQM to make better use of the scarce resources
available and to better accomplish their miassion of facility

gsupport. This research will examine and document the

12




implementation ot the TQM concepts in a Civil Engineering
Squadron environment, record the associated results, and
propose a training course and handbook to assist managers in
implementing a framework for performance management in

their squadrons.

13




II. Review ot Literature

Overview

- e ——

This chapter will discuss current publigshed information
on the subject of implementing a system for performance
analysis, improvement and management. Much of this
literature focuses on Total Quality Management (TQM) and its
use in organizations similar to civil engineering. TQM iz a
management philosophy which stresses continuous improvement
of the processes which make up any organization's work.

Several issues must be resolved in order for
performance management to be succesafully implemented in an
organization. Information will be presented pertaining to
thegse issues, which are
Engineering Environment Distinctives/Difficulties
Target of Improvement
Measzurement
Degree of Employee Involvement
Extent and Nature of Training
Management Commitment

Procezs Improvement
Implementation

OO NN~

—— e e - o e s s > e s D — — ——— ———— T —— — — —— ———

Improvement in the engineering design of construction
projects has not received the attention that improvement in
manufacturing production techniques has. Total Quality
Management principles have the potential for astounding
increases in productivity, quality, and labor motivation in
the manufacturing environment. One estimate suggests that

no legs than 65% ot a gservice industry’s production is lost

14




to extra steps in the work processezs needed to correct
errors (Kacker, 1988:40). Yet the potential exists to
use TQM for greatly increasing productivity and decreasing

cost through better designs.

Project Orientation

|

Requirements Change “

\

N

I

Ideas Hard to Measupe

s

Figure 5. Roadblocks to Performance Management

N

The literature reveals many obstacles preventing wider
ugse of TQM. Construction and design ;re oriented toward
individual projectsgs, inhibiting improvements from being
shared from one project to another. The frequency with
which owners or users change their minds about what they
want makes it difficult to accurately evaluate the
effectiveness of the design itself (Gilly and others,
1987:428,430-1). Another impediment is that engineering

design initially provides information. When the output of

15




the work ig a physical object which can be counted and
inspected, evaluation of the output is simplified. It is
much more difficult to objectively evaluate a conceptual
design: against what standard should it be measured

(McGeorge, 1988:360)7

Target of Improvement

Focus of Improvement. By its very name, one would
surmise that the focus for improvement of total quality
management is quality. But what is quality? And is that
indeed the focus? The Department of Defense, when mandating
TQM, defined quality as the degree to which the customer is
satisfied (Department, 1989a:7). Quality in the civil
engineering environment is further defined as meeting the

declared requirements of the owner, designer, constructor,

and regulating bodies (ASCE, 1988:1). Above all others,

Improved + Customer = Quality
Performance Satisfaction Management
Figure 6. The Performance Management Equation

quality is the greatest single factor which affects the
profitability of a concern (Townsend and Gebhardt, 1989:18).
While improving the quantity of production ig important, the
quality produced in engineering work is most important

(Takei, 1981b:24).

16




Productivity, being the ratio of output produced to the
corresponding input used, is proposed as¥ an alternate focus
of improvement (Stewart and Calloway, 1982:110, Sumanth and
Yavuz, 1983:260). In his work to improve engineering
productivity in the Tennessee Valley Authority, Daryl
Armentrout suggests the broader index of performance is
another possgible focus for improvement. Performance
includes efficiency, effectiveness, profit, innovation, and
working conditions in addition to quality and productivity.
These seven components of performance are equally applicable
to not for profit public agencies. Profitability must be
changed to budgetability, defined as the degree to which the
organization accomplishes its goals and objectives and keeps
its budget (Sink and Tuttle, 1989:185). The measure of
effectiveness igs given as how well commitments to the
customer are satisfied (Armentrout, 1986:142,144). This
then comes back to customer satisfaction ag suggested by

DoD.

Table 2. Components of Performance

Effectiveness

Quality

Efficiency

Productivity

Quality of Work Life

Innovation

Budgetability or
Profitability

17




Lieutenant General John M. Loh, as Commander of the Air
Force Aeronautical Systems Division, lists “delighting the
customer” as one of the guiding principles of that
organization. He includes the contractors retained by the
Air Force among those customers. The engineering designs
and documents prepared by the government are the product
that needs to be improved to satisfy that customer (Loh,
1989). Another customer for the engineering organization is
the field worker (Takei, 1981b:23). It is imperative that
the needs of these customers, as well as those of the
ultimate users of the facilities, be identified and goals

set to satisfy these needs (Kacker, 1988:40).

Customers
.ﬁgj?pf Engineering
Field Workers Contractors
Users

Figure 7. Civil Engineering Customers

Method of Improvement. The obstacles to performance
management implementation in the engineering environment
digscugsed above need to be overcome for the effort to be
effective. The engineers themselves are the most effective
resource in overcoming these obgstacles. One suggestion is

to egstablish a team of engineers to develop quality and

productivity improvements. The team determines the critical

18




factorg affecting the work, and establishes a theme or goal
for improvement. A measurement formula must then be devised
to provide data for planning the improvement method. Once
appropriate and meaningful measures are egtablished, methods
are attempted to improve the system until success is
achieved. Then a new theme for improvement is decided upon

and the steps repeated (Takei, 1986:93).

Measurement

Establishing Meaningful Measures. Measuring the
productivity or quality of an engineering concern is
difficult. The output of engineering is often one of ideas,
a product not easily quantified. An ideal product measure
would be to relate total output to all associated input
(Sumanth and Yavuz, 1983:261). This total factor ratio
should be applied where costs permit. However, attaining
this kind of total measure may not only be expensive, it ma&
be impossible due to the inability to assign the engineer’s
input (time) to a particular output. Two other levels of
measurement are partial factor and single factor ratios. A
single factor ratio is developed by gelecting some lone
factor believed to accurately represent the total input or
output. This gingle factor is then used in place of the
overall total in computing productivity. Partial factor

models use more than one factor, but fall short of being

total factor evaluations.
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Surrogate measures, which link productivity to more
eagsily observed characteristics, such asg utilization of
equipment capacity, have been proposed as an alternative to
the preceding actual product measuresg (Stewart, 1978:34,
Armentrout, 1936:142). Process measures are another
alternative, where the method used to achieve the end
product is evaluated. The measurement formula devised must
correspond to the effectiveness of the actual product, be it
design or facility, not just activity related to it
(McGeorge, 1988:352). The points in the processes where
evaluations are to be made ig likewise important.

Convenient points of assessment are the interfaces between
Separate subprocesses which make up the whole (Kacker,
1988:41). 1In some cases, surrogate or process measures are
much more easily attained than the product measures, due to
the previously mentioned difficulties in quantifying product
attributes.

Absolute measurement systems evaluate performance
compareu to some externally defined standard. The
Engineered Performance Standards (EPS) used in évaluating
craftgmen’'s work are of thigs type. Such absolute scales are
difficult to develop for engineering design. Another
measure of interest would be comparing how well the promises

and commitments to clientg were kept (Armentrout, 1986:143).
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Table 3. Measurement

Levels of Measures

——————— —— - o — —— o —

Total Factor
Partial Factor
Single Factor

Product

Process

Surrogate
Classes of Measures

e —— - ————————

Relative
Absolute

Comparative measures have also been proposed as a
solution to the problem of establishing absolute scales for
evaluating the productivity and quality of engineering
organizations. Evaluation might be made on the basis of
volume of output supported against the most competitive
engineering firms (Takei, 198la:13) and against government
engineering departments. Alternatively, performance trends
of the subject organization might be tracked over time to

assess progress and improvement (Stewart and Calloway,

1982:115).
Role of Measurement. Measurement is a fundamental tool
to be used in the performance management framework. A

measurement and feedback system must be created which allows
the processes of interest to be monitored and improved

(Dingus and Hrivnak, 1988:30). A system to measure
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performance is essential in order to understand the causes
of variation in work processes which lead to job breakdowns
(Hacquebord and Scholtes, 1988a:29). Measurement of
productivity is a necessary ingredient in any effort to
improve produFtivity (White and Austin, 1989:371). Accurate
meagurement of performance ig useful for other purposes as
well. Once improvement actions have been implemented,
measguring the impact of those actionz can permit erroraz in
the improvement actions to be fixed before proceeding
(Edosomwan, 1987:67). These modifications generated from
the feedback from improvement efforts can result in even
greater performance improvements. The measurement of
improved performance can be a record to show to management
to convince them of the value of the performance management
effort (Gilly and others, 1987:436). 1If performance
management iz competing with other opportunities for scarce
resources, this evidence of success can be important in

ensuring the continuance of the effort.

Table 4. Roles of Measurement

1) Evaluate Processes
2) Improvement Feedback
3) Sell Management

Degree of Employee Involvement
Performance management stresses the employees’

involvement in management. Individuals from all levels of
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the organization, including the line workers, ghare in
decision making. This employee involvement can be used in
first identifying the processes to be improved (Hacquebord
and Scholtes, 1988b:46). The employees affected can then be
included in brainstorming possible solutions to problems and
strategies for improvement (Department, 1989a:11). Group
interaction can also be used effectively in establishing the
measures to be used in evaluating quality and productivity

(Stewart and Calloway, 1982:114).

Table S. Employee Involvement Possibilities

1) Identify processes for improvement
2) Brainstorm problems and solutions
3) Establish measures

Two formats for_employee participation are the work
group and the quality circle. Quality circles are comprised
of workers from a s8ingle work setting within the
organization, and often include their immediate supervisors
(Steel and Lloyd, 1988:3). Work groups are temporary teams
asgsembled from members of the geveral work settings which
comprise a process within the organization. A particular
team will continue to meet until the improvement desired to
a process has been accomplished, and will then be dissolved

(Department, 1989a:15).
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Functional Area Quality Circles

4

Multi-
Function
Process
Action
Team

Figure 8. Two Types of Teams

Extent. Training of the employees and managers
involved in TQM 1is important. One approach to assure
training does not miszs anyone isg to train everyone at the
outset (HQ AFLC, 1989a:10). A major rigsk of doing this is
that by the time the last people are being trained the first
oneg will be losing their enthusziasm for the program (Roth,
1989:28). A better approach is to get started into the
quality transformation and then provide the training
required at the time needed (Hacquebord and Scholtes,
1988b:485.

Nature. A cultural transformation needs to take place
in an organization for a performance management framework to
be effective. Training is an important vehicle for
accomplishing this change in culture. The new attitude

needed is one where every member of the workplace thinks

improvement, and brings a pride and enthusiastic approach to
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their improvement efforts (Ryan and Sebastanelli, 1987:
331-2). A problem with many training programs is that not
enough attention is paid to this cultural change; too much
emphasis is placed on teaching the tools of performance
management (Warmington, 1988:36). The team leader and
facilitator should be the only ones to receive training in
the use of these technical tools at the outset; the team
members can pick up what they need in the actual on-the-job
problem solving (Gilly and others, 1987:429). The tools of
particular use in performance management are measurement,
control, planning and cause/effect improvement techniques

(Edosomwan, 1987:67).

Cultural Change Orientation

N\ VAR

Leaders Eve Yy on e Facilitators
Specitfic Specitic
Tools Tools

Figure 9. Two Different Training Objectives

—— s e M s e e e —

The succeza of the performance management effort lives
or dies on the support and direction provided by management.
The improvement program must begin with management

commitment and end with management rewarding the
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participants (Edosomwan, 1987:67-8). Management cannot
delegate responsibility for performance management to a
staff group or quality coordinator and then forget about it;
this communicates that it was not important to begin with

(Warmington, 1988:26). Continued management commitment is

i1

IMPROVEMENT

One of management’s important roles iz to direct the
improvement effort. The other is to support it.

Figure 10. Roles of Management

needed. When the init{al momentum has worn off, only
management can jump in to keep the hope alive (HQ AFLC,
1989b:7). The challenge to management is to spur the
organization on to improvement, and to provide creative
ways to get there (Dingus and Hrivnak, 1988:29).
Management’'s input is critical in deciding which aspects of
the workplace are most important in directing the
improvement program (Stewart, 1978:37). The potential for
the greatest improvements is at the early conception and

development phases of the work process; these are
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management’s domain, and need their attention to achieve all

the improvements possible (McGeorge, 1988:358).

The conception and
development phases hold
the most potential

Potential
tor
Improvement
Begin Complete
Phase in Process
Figure 11. Process Improvement Potential

When the performance improvement team has developed its
proposed solutions, attention must be returned to
management. A management presentation is an ideal way to
make thig transition. The team prepares their solutions in
the form cf a fifteen to twenty minute pregentation. Top
management and the department heada affected are invited.
The presentation should include a specific request for
action by management. This high viaibility presentation
serves not only to inform management of the results of the
team's effort, but it also allows the team members to

conclude their activities on an exciting note. (Todd, 1980)
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Identification of Procegs for Improvement. Before the

processes which make up the way an organization does
business can be improved, those processes need to be made
vigible and mapped out (Kacker, 1988:41). Asking workers
whom within the organization they depend on can provide
clues to internal provider relationsghipe. Discovering whom
they provide service to can help to uncover the customers in
these processes. Determining these providers and customers
helps establish the interfaces between subprocesses
(Hacquebord and Scholtes, 1388a:29). 1In an engineering
environment the overall procesgss is made up of three distinct
phases: planning, analyzing, and coordination (Stewart and

Calloway, 1982,110).

PLANNING ANALYSIS COORDINATION
Figure 12. Phases of the Engineering Process
Scope of Process. Improvement of engineering design

will be most effective when the improvement efforts are
aimed at the entire design and construction proceas, from
conception to delivery of the completed project to the
customer. Quality, an important cbmponent in design, is
dependent on the quality with which each individual step in

the design process is completed, from initial surveys and
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information gathering through design to production and
testing (Takei, 1986:92). Much attention has been given to
improving the technical design and drafting steps in the
process, through innovations such as standardization of
details and CAD. However, vast improvements at minimal
cogtas can best be made in the early concept stages of
project design (McGeorge, 1988:353,357). Having started
with design, improvement efforts must continue, through
construction, until the facility is delivered to the user to
be effective (Gilly and others, 1987:428).

Strategy for Improvement. Once the process is

—— ———— o s s s o v e o —

identified a strategy for improvement needs to be developed.

ACT PLAN

CHECK DO

N S

Figure 13. The Deming Wheel

An effective model to uze for this strategy is the Deming

Wheel, which consists of planning ways to improve, doing
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what is needed to get started, checking the effectiveness of
the activity, then acting to complete the planned
improvement, and starting all over again with planning a new
improvement (Hacquebord and Scholtes, 1988b:46). An
alternate to the Deming Wheel is the productivity cycle,
defined as measuring current productivity, evaluating the
results, planning how to improve the level of productivity,
then implementing the improvements, and beginning again with

measuring productivity (Sumanth and Yavuz, 1983:261).

—— i e o v —— —— —. —

Facilitators. The facilitator is an important part of
the performance management team. The job of the facilitator
iz to observe the participation of the membersz of the team,
and to direct them in the problem solving process. Toward
thia end, the person selected to facilitate the team should
attend a three or four day training coursge to learn what to
look for and the tools to suggest (Gilly and others,
1987:429). The facilitator can have a profound impact on
the team’s effectiveness; °“...an effective facilitator can
unlock the energy and intelligence of the group to solve
problems” (Fishman, 1989:22). The person facilitating the
team may not be the boss of anyone on the team, or
participation will gsuffer (Roth, 1989:30).

The duties of the facilitator start with planning each

meeting. Drafting and posting an agenda to outline the
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goals and schedule of the meeting can help keep the group
time focused. This motivates the team members to apply
themselves to the subject and goalas, by being aware of what
needs to be accomplished. Further duties of the facilitator
are to get the other group members involved in the work.
Tagsks need to be delegated to othersz as much as possible.
Thege tasks might include keeping minutes, recording
important thoughts on an eagsel pad or overhead for the group
to refer to, or developing chartg and graphs to illustrate

information. (Todd, 1990)

Facilitator JL i

Figure 14. The Facilitator is the Key

Methodology. When TQM is firgt implemented in an
organization, an awkward start is to be expected.
Management needs to get the ball rolling and establish some
momentum in order to get through this start-up (Hacquebord
and Scholtes, 1988a:28,31-32). One suggestion is to try a
high visibility and easily understood procegs for the first
improvementa (Townsend and Gebhardt, 1988:20). Another

pogsibility is distributing articlesg trumpeting the
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successes of performance management prior to kicking-off the
effort itself (Ryan and Sebastanelli, 1987:328).

Planning for the improvement effort iz essential before
diving in. One of'the main reasons performance management
fails is due to a lack of strategic planning for the change
(Vogt and Hunt, 1988:96). Caution is in order to make sure
a tramework is well thought out before starting any kind of
team improvement efforts (Roth, 1989:29). Usze of a steering
group 18 recommended to list the key processesg in the
workplace and assign facilitators and improvement teams to
tackle them (Department, 1989a:35). Part of this initial
planning is to identify who the informal leaders in the
organization are, and develop a strategy to use their help
in implementing the performance management framework
(Hacquebord and Scholtes, 1988a:31).

Small problems are a good place to start on a brand new
performance management framework (Gilly and others,
1987:435). Thies way some early small successesg can help
bolster enthusiasm for later larger projecta. Follow a
process of identifying a theme for improvement, determining
the important tactors affecting that theme, and then seeking
to measure and improve those factorgz. The theme may be
reducing customer complaints, shortening turn-around time,
or similar goals (Takei, 1986:93). The factors must be well
understood, and the problems correctly diagnosed, before

applying solutions, or lasting improvementz may be missed
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(Warmington, 1988:40). Management must act on the
recommended actions for implementation from the team, or the
team will give up due to the perceived futility of their

work (Vogt and Hunt, 1988:96).

Identity Determine Measgure and
Improvement E::#:> Important c:::C> Improve
Theme Factors Factors

<:E::D <::::3 Repeat <C:::3 4:F::3

Figure 15. Improvement Theme Methodology

—— e

TQM i2 a management philosophy which has been used by
both manufacturing and service organizations to improve the
way they do business. The United States Department of
Defense has mandated that all military organizations adopt
TQM techniques in order to cut costs, improve productivity
and job satisfaction, and provide better customer
gatigtaction. Air Force Engineering Branches are among
those affected. Because engineering generally deals with
ideas instead of tangible products, the way a performance
management framework will be implemented and its success
measured needs to be carefully considered.

The literature reviewed in this paper summarized the
current thought on how to accomplish this. Managers need to

determine whether to stress quality, productivity, customer
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satisfaction, or some aggregate of these. The procesgses for
which they are responsible must be identified and strategies
prepared to improve them. It is important to esgstablish
meaningful measures for productivity, directly or through a
surrogate measure. Managers must determine where to make
these measurements and how to judge the results obtained. A
plan for the degree and nature of involvement for employees
needs to be decided upon, as well as how and when to train
those employees. Managers must also be sensgitive to
creating the initial enthusiasm required to get their

programs off the ground.
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III. Research Method

Qverview

A case analysis of the 2750 Civil Engineering Squadron
Engineering Branch located at Wright-Patterson Air Force
Base, Ohio, was the primary method used to address the
specific problem and invegtigative gquestions previously
described. One reason this Engineering Branch was chosen
was because of its proximity to the researcher, providing
for ease of making the required observations for a case
study. A second reason i2 because itgs Major Command, Air
Force Logistics Command (AFLC), has been emphasizing TQM,
so that the Branch was already interested in performance
management, though no steps had been taken to implement any

framework for improvement prior to this research.

Case Literature Quality
Analysis Review Survey
Synthesgis
Training Courase Conclusiong, Hypotheses
and Handbook and Recommendations

Figure 16. Research Method

In addition, a survey instrument called the Quality

Questionnaire was used to determine any shift in attitude
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toward quality that accompanied the implementation of
performance management. Statistical tests were utilized to
determine if any sgignificant change occurred.

The insights gathered from the careful observations ot
the case analysis were combined with knowledge obtained from
a thorough review of the literature to develop a training
course and handbook for engineering managers interested in
implementing a framework for performance management.
Hypotheses and recommendations regarding the implementation
ot performance management in Engineering and Contract
Planning Branches of Alr Force Civil Engineering Squadrons

were generated.

Literature Review

A comprehensive review of the literature published on a
subject is a crucial element to any research. It is in the
literature that researchers find the current state of
knowledge on ' a topic and thereby can assure that they are
not going over the same ground which hag already been
covered.

Concurrent with the case analysis described below, a
repregsentative review of published literature on the subject
of performance management implementation was accomplished.
Particular emphasis was placed on recent papers and articles
in profegsional journalsgs. The gearch for such articles
began with a search of defense oriented literature and a

search of industry and terade journals. Both aearches were
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assisted by the Air Force Inatitute of Technology library
staff using on-line computer aids at the researcher’s
request. Beginning from the references identified by éhese
gearches, and continuing with references cited in the
bibliographies of these articles, the literature was
reviewed. Notes of important information were taken and
organized by topic for use in comparing to inaights from the

case analysgis. (Selltiz and others, 1964:83)

Justification for Case Analysis Design. The state of
knowledge regarding performance management implementation is
still in its infancy. Very little has been published
focusing on performance management in American government or
the engineering environment. Therefore, an exploratory
qualitative research design is desirable, to increase this
state of knowledge. Exploratory research should be seen as
the important first step in an ongoing research process.
This process culminates in the quantitative research
analysis of hypotheses and/or descriptive and causal
studiea. However, proceeding to such quantitative research
prematurely, before qualitative research haa allowed the
formulation of appropriate hypothesez and research

questiong, can decrease the effectiveness of such

quantitative research. (Selltiz and others, 1964:52)
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Four options are most appropriate for such exploratory
research: historical, case analysis, delphi technique, and
meta-analysis. The meta-analysis was rejected because of

the scarcity of published literature applicable to the

little much

State of Knowledge on Subject

Qualitative Methods Quantitative Methods
Historical Analysis Hypothesis Testing
Case Analysis Causal Analysis
Delphi Technique Descriptive Studies

Figure 17. Qualitative Versus Quantitative Research

research problem. The historical method was rejected
becauze most of the track record on performance management
is from Japan. The extreme cultural differences between
Japan and America would make lessons learned from the first
difficult to apply to the second. The delphi technique
would be a powerful tool to use in this situation when more
experience has been gained by people in America using
performance management. At the present time, however, use
of an in-depth case analysis to observe and report on
performance management implementation first hand was

selected.
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The case analysis is useful to digcover knowledge on a
subject with the end of egstablighing a definite hypothesis
or regearch problem for further ztudy (Selltiz and others,
1964:50). A astrength of the case analysis is its ability to
provide an intensive examination of a single unit. From
this examination not only the broad picture but the fine
details can be recorded and analyzed. Another strength is
that the end result is not just a =snapshot in time of the
condition of the subject. A record of the steps taken,
problems encountered, and corrections made is preserved.

A principal weakness of the caszse analysis is that it is
not easzily replicated. The results obtained are in
some ways peculiar to the subject of the study; ability to
generalize the results are reduced. Another weakness ia the
potential for the researchers/observers to include their
personal biag in the reporting. They must be ever alert

to remain objective (Selltiz and others, 1964:60).

Table 6. Case Analysis Characteristics

——— el e an e e ar e  ——— W

1) Create knowledge on subject
2) Provide broad understanding of subject
3) Preserve record of case development

—— — — — ————— o —— o e W s s

1) Hard to replicate results
2) @Generalization of conclusions limited
3) Subject to bias of resgearcher
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Description of Case Analysis. The Chief of the
Engineering and Contract Planning Branch was contacted in
August 1989. Arrangements were made to eatablish a team to
evaluate and improve the process of design revi.w. This
process was chosen by the Chief as needing improvement.
Design review is a process whereby the affected
organizations on the Air Force installation review the plans
and specifications for proposed construction work.

Five individuals were assigned by the Chief to
participate on the team. Each member was a represzentative
of a particular function within the Engineering Branch
contributing to the process. The individuals chosen were
not perceived to have any distinctive aptitude for the tasgk
over other members within the same function.

The team met once a week for one hour from November
1989 through summer 1990. The team followed the acientific
method for problem solving. They identified the steps in
the procezs, developed a list of problems they were aware
of, proposed solutions to these problems, and formulated
programs to implement these solutions.

The researcher attended these meetings as a facilitator
and obgerver. The team was asasisted in following the
scientific method. A member of the Industrial Engineering
Branch of the Civil Engineering Squadron, experienced in

facilitating such a team endeavor, asaisted. Important

information was noted as it surfaced about implementation of
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the framework for performance management. The ingredients
essential to successful case analysis research were
congidered: l)oéen-minded and careful scrutiny; 2)accurate
gsynthesis of the data (Selltiz and others, 1964:60). To
this end, notes and minutes of the meeting were kept and
organized into topics. These topics were compared to those
developed from the review of the literature described above.
In this way consistent trends were established from both

published and observed characteristics.

Justification for Quagi-Experiment. An important
congideration in implemanting performance management is the
cultural change, or adjustment in attitude, which first
must occur for tiae effort to be successful (Warmington,
1988:36). Observing the change in individuals’ attitude
toward quality issues such as leadership, planning, and
customer gatisfaction associated with the case analysis may
reveal insight into this cultural change.

A non-equivalent control group design was chosen to
augment the case analysis. Figure 3.18 shows the form of
the quasi-experiment. The goal was to measure whethenr
attitudes changed toward quality among those participating
on the quality improvement team. Because the treatment

group was gelected in a non-random fashion, a true

experiment waz imposaible. The researcher had the ability
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to test the treatment group before and after the treatment,
and a control group at the same times, 30 the quasi-
experimental design was chosen as the most powerful

available. (Campbell and Stanley, 1963:34)

where: X i2 the treatment

0 1is8 the treatment group pretest
1

0 1is the treatment group post-test
2

0 1is the control group pretest

0 1is the control group post-test

Figure 18. Experimental Design

Description of Quagi-Experiment. A survey instrument
called the Quality Questionnaire was used to measure
attitudes (Hayman and Schneider, 1989). The instrument
conaists of fifty-four statements which allow a response on
a seven point Likert scale ranging from strongly disagree to
strongly agree. Because the presentation of the sgcale
includeg the integers one through seven, the data obtained

are assumed to be of interval level. The survey yields

results that allow the use of T-tests and other parametric
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statistical tests (Hayman and Schneider, 1989:23). The
population characteristics of the sample data are assumed

to be normally distributed from a population of infinite

gize.

Strongly Disagree Strongly Agree

Figure 19. The Survey's Likert Scale

The control group was selected to match experience and
authority levels with the treatment group as closely as
possible. Due to difficulty in selecting members in similar
positions for the control group, the pretest was
administered to the control group twoe months after the
treatment group was tested. The affect of this delay will
be discussed below. The pretest results from each group
were compared to verify that in fact no significant
difference in gcores on the questionnaire existed. The
quasi-experimental desgign used is mo=st effective when the
control and treatment groups are equal (Campbell and
Stanley, 1963:48). This was done using a two sample t-test
with the null hypothesis being no difference and the
alternate hypothesis being any difference positive or
negative. The results obtained confirm the null hypothesis;

the groups are declared to be equal.
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The change in scores on each statement were then
compared between the treatment and control groups using a
two-sample paired t-test. The null hypothesis was that no
difference in change in scores existed between the groups.
The alternate hypothesis was that the treatment group had a
gignificantly different change in scores than the control
group.

Validity of the Quasi-Experiment. The non-equivalent
control group degign controls the following obstacles to
internal validity: history, maturation, testing, and
ingtrumentation. The control of maturation and
ingtrumentation was compromised to some unknown degree due
to the delayed administration of the pretest to the control
group noted earlier. The researcher is unaware of any
gigniticant events during the two month period the test was
delayed, so maturation may not have been significantly
affected. Both the treatment and control groups had a
period of from five to seven montha between their pretest
and post-test, g0 the difference in instrumentation may not
be important. However, this weakness in the administration
of the experimental design is noted, with its corresponding
potential affect on the experimental results.

The obstacle of regression is controlled if the
treatment and control groups are equal. A test of
equivalency was performed. The obatacle of selection-

maturation interaction igs reduced when the members of the
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groups are assigned, rather than volunteeras. The obstacle
of mortality was controlled by assuring that no members of
the groups dropped out between the pretest and post-test.

(Campbell and Stanley, 1963:48,50)

Table 7. Validity ot Quasi-Experiment

The non-equivalent control group
experimental desgsign controls the
following obstacles to internal
validity.

1) History

2) Maturation

3) Testing

4) Instrumentation

5) Regression

6) Selection-Maturation
7) Mortality

The quasgi-experiment ig intended to augment the casze
analysis. Its external validity, or ability to be
generalized beyond the tested ~sroups, is not a critical
igsue. The case analysis itself will be the controlling

factor on the external validity of the results.

From the information gathered in the literature review
and the case analysis, a training course was developed to
implement a Performance Management Framework in the
Engineering Branch of Air Force Civil Engineering at the
bagse level. This training course i3 a synthesisgs of the

information drawn from the case analysis with the
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theoretical information collected from the literature
review. The method used to develop this training course
congisted of the following nine asteps.

1. 1Identity overall goal and target audience.

2. Identitfy subject areas that contribute to goal.

3 Identity educational objectives within each
subject.

4. Structure subjectsg into integrated program. Set

time allotment for each subject.

Select educational toolz/approach to communicate

educational objectiveg for each subject.

Design techniques for communicating objectives.

Prepare lesgon plans for each technique.

Create atudent handbook for use during training.

Create leaders guide book.

(5]

OoD2IO

Following the procedure outlined above, a Plan of
Inatruction, Student’'s Handbook and Leader’s Guide were
created for a three day training course. The coursze is
specifically tailored to the engineering environment,
congidering the unique needs and opportunities obsgserved in
the case analysis and the literature review. The course is
to be presented at the squadron location to the engineers,
supervigors, and other individuals involved in the
preparation of contract projects in the Engineering Branch.

This training course is further described in Chapter V.

A case analysis, supplemented by a quasi-experiment and
a literature review, were chosen to answer the investigative
quegtiona. The case analysis provides an intensive
examination ot a particular subject, and therefore adds to

the knowledge of the subject. The information gained from
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the case analysis wasg compared to that gathered in the
literature review. Comprehengive atatementzs of trends and
characterigtics observed were then made, along with
appropriate hypotheses and recommendations for further
research. A training course and handbook to guide
implementation of performance management in other
engineering organizations were developed. The coursge is
unique in that 1t focuses on the particular needs of the Air
Force engineering environment. This training course and
handbook, along with the above mentioned concluazions,

recommendations, and hypotheses, are presented in Chapter V.
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IV. Results and Discussion

o ———— o —— - ——— ————— -

Querview

A performance management team was formed in the
Engineering Branch to evaluate and improve the design review
procezs. The team worked through a problem solving routine
tor the Corps of Engineers design review. This routine
actually improved the process. From watching this team in
action, the researcher observed principles of performance
management in an Engineering Branch environment. A rigorous
approach was used to record, sort, and analyze these
observations.

The Quality Questionnaire survey was administered to
the performance management team and a control group. The
change in attitude toward quality was compared between the

two groups. Recommendations will be made and conclusions

drawn from these results in Chapter V.

Degcripiivis of Cagse. The Chlef of the Engineering
Branch of the 27850 Civil Engineering Squadron at Wright-
Patterson Air Force Bage, Ohio was approached during August
1989. The possgibility of implementing Total Quality
Management (TQM) in the branch was discussed. A team was
proposed to evaluate the performance of a work process in

the Engineering Branch.
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The branch Chief was skeptical of the usefulness of TQM
in an engineering environment. Previous efforts to uzse TQM
in the Engineering Branch had been resisted for thig reaszson,
though other branchea in the squadron had used TQM Process
Action Teams (PATs) and Quality Circles. However, th. Chief
agreed to support the formation of a team. The design
review process was suggested as a focus. The branch had
been having difficulty making consistent and thorough
comments on projects. The process was in need of an
overhaul. The Chief felt that this would be an ideal
opportunity to give TQM a try. A plan was made to begin the
effort after the start of the fizcal year, 01 October 1989.

The Engineering Branch Chief hand-picked a PAT to
include one member each from programming, design, design
support, and construction management. The supervisgor of all

these members was included as well. Each member was chosen

Table 8. The Five Team Members

Programming Section Representative
Design Section Representative

Design Support Repregentative
Construction Management Representative
Engineering Branch Supervisor

[6. S FL I I

only on the basis of their familiarity with the function of
their particular sections in the design review process.
None were perceived to have any predisposition toward

quality improvement over others in the zame gections.
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The researcher coordinated the preparation for the PAT
with a member of the Industrial Engineering Branch (DEI).
This individual had experience with PATs and Quality Circles
in other branches of the squadron. A plan was developed to

implement the PAT in the Engineering Branch. The researcher
would function as the facilitator for the team, leading the
team through the problem solving routine. The DEI member
would provide initial training and attend the meetings as an
observer and resource person as needed.

The initial team meeting was held 02 Nov 89. Training
wag provided to introduce the problem solving routine the

team would follow. This routine is ghown in Figure 20.

Write Flow Chart
for Process

Identify Problem Causes

Develop Solutions

Implej};t and

Evaluate Solutions

Figure 20. The Problem Solving Routine

The problem golving routine followed was based on the
gcientific method. Some group problem solvi.ug techniques
the team might find useful were introduced as well. These

included brainstorming, cause and effect analysis, and
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pareto analysis. Details of how to use these tools were
withheld until the team might actually have need for them.
After the training, and throughout the following
meetings, the team followed the problem solving routine to
evaluate and improve the design review processes. Four
separate procesgses of design review were identified,

distinguished by the different design agents acting.

Table 9. The Design Review Processes

1. Corpeg of Engineers

2. Operations and Maintenance
Architect/Engineer

3. Operationz and Maintenance
In-House

4. Aeronautical Systems Division

The process flow charts for each of these four processes
were the first thing the team accomplished. These flow

charts are displayed in Appendix E.

Table 10. Corps of Engineers Review Process Steps

Desgigner Selected

Submittal Arrives

Disztribute for Review
Collect and Filter Comments
Send to Headquarters

Repeat from Step 2 until 90%
End

O AN~
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The team selected the Corps of Engineers process as the
first one to study. They decided to follow the rest of the
steps in the problem solving routine on this process before
beginning on the next process. This was accomplished in
one-hour weekly meetings, and was completed 01 Mar 90. A
summary of each of these meetings is included in Appendix D.
An integrated list of the problema identified, solutions
propoged, and actions recommended for implementation for
each gtep ot the Corps of Engineers design review process i=s
given in Appendix F.

The team continued to meet after 01 Mar 90. The
Operations and Maintenance design review process was
selected for attention next. The researcher continued to
meet with the team as facilitator through 29 May 90. The
gstudy ot the second process was not completed by the team in
time to be included in this research. The team’s intention
was to continue meeting until all four processes were
completed and improvements implemented and evaluated.

Results of Cage. As a consequence of their evaluation
of the Corpa of Engineers design review process, the team
recommended actions which were implemented to improve the
process. Measures were established to track the effect of
the implementations and determine if in fact improvements
were realized. In the short amount of time available after
the actions were taken, no significant data from these

meagures were obtained to document the effectivenegs of the
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improvements. The actiohs taken as solutions to specific
problems can be reported, however, and statements made of

how they zeemed to be working. Theae actions are listed in

Table 11.

Table 11. Solutionsg Resulting from Cage

Provide Base Input to Selection Committee
Create a Plan Review Room

Combine and Update Review Distribution Lists
Develop a User Review Checklist

Make Sure CE Shops are Included in Review
Develop Procedure tor Environmental Review

One problem identified was that the Architect/Engineer
design firms selected by the Corps of Engineers were
congistently giving a poor response to projects at Wright-
Patterson Air Force Baze. This problem was traced to the
gelection of the designer in the procesa. The cause was
determined to be that no base input was used by the Corps in
selecting designers. Consequently, the desgign firms were
often located in Louisville, KY, where the Corps office was.
Some firms whose performance was consistently bad seemed to
keep being gelected, when the base would have ruled them out
of contention long ago. The solution proposed was to
provide feedback from the base about the firms in contention
for new projects, or better yet to get a base representative
to the committee meeting in which the designers were

selected. The team discovered that the Corps had an open
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invitation for an Air Force representative to sit on the

committee ag a voting member, but no one had been attendingl

Problem

——— o —

Poor designers selected
for base projects

Solution

Provide base input
to selection committee

Budget funds and
send member to
gelection committee

Figure 2!. Selection Committee Solution

The solution was for the Engineering Branch to budget funds
to send a representative to each gelection committee
meeting. Better communication with the Corps waz
established, too, in order tc be aware of when a meeting is
scheduled. The team iz confident that this input to the
selection process will improve the calibre of designers
selected.

Another proklem identified was that some of the
reviewing agencies on base were not returning comments in
time to forward to the Corps. This problem was traced to
the Digtribute for Review step in the process. The cause

wag determined to be that the limited number of copies of
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the submittal available had to be passed around between the
various agencies. Those who received the package last did
not have enough time to perform ; thorough review. The
solution was to create a plan room at the Engineering Branch
location. The action taken was to set aside an area where
plans could be laid out for review, and send a letter to
each agency for each submittal to come, review and comment.
The response was good. The agencies were sending
repregentatives to review the submittals in the time frame
allowed. More and better comments were being received,
because the Engineering Branch representatives were right
there to answer any questions the reviewers might have. The
branch was able to keep a record and keep better control of

who was reviewing projects ag a result.

Problem

Comments being
returned late

Solution

Create a
plan room

Action

Invite reviewers to
branch location

Figure 22. Plan Room Solution
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Problem

Duplication in lists
for design review

Solution

——— s o

Combine and
update liats

Single point of
contact and list for
all design review

Figure 23. Review Digtribution List Solution

Conflicting distribution lists for review was another
problem. The two sections responsible for different levels
of the design review had different lists of who should
review the project. Further, the Chief of Design and Chief
of the Engineering Branch were on neither list. This
problem fell under the Distribute for Review step of the
process. The cause was lack of coordination and not
updating the lists. The sgolution was to make one list for
everyone’s use. The action taken was to make one person in
the Design section responsible for all design review. This
person would keep the master distribution list and update it
at least yearly. All letters to agencies inviting them to
review submittals, and their comments, would be handled by
thigs one person. The team is confident that the other

agencies will appreciate the single point of contact for the
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branch, and the elimination of duplicate efforts of review.
Another problem found was poor comments often made by
the users. This problem was identified in the Distribute
for Review step of the process. The cause was that the
ugsers often did not understand the construction drawings in

the submittals, and did not know what to look for. The

Problem

Poor comments
from using agencies

Solution

Develop a user
review checklist

Assign member to
research and prepare
user checklist

Figure 24. VUser Checklist Solution

solution proposed was the creation of a checklist to prompt
the users with itemeg they should look for in their review.
The action taken was to assign a member of the team to find
out what kind of checklists city and state governments or
other Air Force organizatione used, and adapt these as
needed to the requirements at Wright-Patterson. The team is

hopeful that given this guidance, users will be better
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equipped to review the submittals intelligently and make
comments about the project gcope and special requirements
that are needed to satisfy these users.

The next problem was identified in the Collect,
Compile, and Filter step of the process. Comments from the
Operations and Maintenance Branch (DEM), responsible for
maintenance of completed construction, were often
incomplete. Its cause was a breakdown within DEM in getting

all the various digciplines of maintenance to review the

DEM comments

incomplete
Solution
Make sure shops are
included in review
Action
Offer a review meeting
with all the shops
Figure 25. Shops’ Design Review Solution

project. Jusgt one shop, for example the plumbing shop,
would review the submittal, but comments from the
electrical, HVAC, and carpentry shops would be missing. The
solution was to make sure the projects were being

coordinated with all the shops. The action taken was to
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suggest to DEM that a review meeting be held for each
submittal. A representative from each shop would gather at
one location with the project engineer and all comments
would be discussed. The team anticipates that this offer
will result in better communication with DEM and more
thorough comments.

A growing problem was found to be coordination with the
Environmental Management (EM) office. With the increasing
emphasis on environmental concerns, many of EM's functions
were new and unknown to the Engineering Branch. Their
comments were often vague and general in nature. This

problem was traced to the Collect, Compile, and Filter step

Problem

—— it > ——

Lack of communication
with EM organization

Solution

Develop workable
procedure for review

Action

Set up meeting with
EM to discuses review

Figure 26. Environmental Management Review Solution

of the process. The solution was to open communication with

EM and gain an understanding of their organization and
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purpose. The action implemented waa setting up a session
between the EM Branch chiefs and the Engineering Branch
chiefs to get acquainted. Further action would be pursued
from there. The team felt that opening this communication
wag critical, and would result in better cooperation between
the organizations.

These actions illustrate the kind of improvements the
team was able to develop during their study of the Corps of
Engineers design review procegs. None of these are
revolutionary or remarkably creative in and of themselves.
What is remarkable is that these were definite actions taken
to solve specific problems the branch experienced. 1In =zome
cageg the problems had existed for years. It took the
formation of the performance management team and their
mandate to evaluate and improve the process to see these
problems corrected.

Cbservations from Case Analysis. The goal of the case
obgervation was to add to the body of knowledge on the
gsubject of performance management in the engineering
environment. The results the team achieved were
commendable, but were not the goal of this research. The
experiences of the team, as it worked through the problem
solving routine, were recorded in order to reveal principles
of performance management.

Obgservation Procedure. The procedure followed to

withdraw principleg from the case analygis was to record and
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synthegize the observations. Appendix D contains records
summarizing each meeting the team held in studying the Corps
of Engineergs de=sign review process. In addition, each

record contains notes made by the researcher of observations

Table 12. Case Analysis Observation Synthesis Procedure
1. Attend and observe meeting
2. Make notes of obgervations
3. Assign notes to subjects
4. Synthesize principles from subjects

pertaining to performance management. Thege notes are the
regsearcher’s evaluationas and judgments of the experiences of
the team. After these notes, each entry ligts several
subjects to which the researcher believed the contents of
the notes applied. This is how the observations were
grouped into principles of performance management. These

principles are discussed under the next heading.

Table 13. Case Observation Subjects

Training
Implementation
Prccesggs Technique
Goal of Improvement
Participation

Culture Change
Facilitator
Management Commitment
Management Direction
0. Meagurement

- O DAL LN~
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Discussion of Observations. The subjects
identified in the observations of the case are listed in
Table 11. These subjects each appeared in notes from one or
more of the meetings summarized in Appendix D. Each subject
is discussed briefly below in light of the observationz made
of the performance management team.

Training needs to be appropriate to the experience
level ot the people on the team. Adequate training is
important. Skimping on training at the start may result in
the team getting stuck later on. For example, it the team
is8 not adequately trained in the group technique of
brainstorming, one or two members may tend to dominate
discussion. This would tend to remove important
contributions from other memberz from the group’'s attention.

The problem solving routine followed (diagram process
flow, identify problems, propose solutions, recommend
actions for implementation, establish measures of success)
proved to be easy to use. It provided the framework needed
to direct the team’s attention in evaluating the process.
The biggest shortcoming in its use was an inadequate amount
of time spent identifying problems. The team needs to be
challenged to think more deeply and trace the surface
problema they recall to the underlying causes. In addition,
the procezs might be easgier to follow if the goal or
objective of the team 12 decided upon at the outset as=s

gomething more sgpecific than just “improve this process.’
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Table 14. Implementation Principles

Follow problem solving routine
Eatablish goal at outszset

Dig for root cause of problems
Invite other affected organizations
Implement a simple action early

O o O3 D =~

Another area that needs emphasis is inviting the other
organizations affected by the process interfaces to attend
and participate in a meeting. This iucreases the awareness,
understanding, and communication needed to institute
effective improvements. Taking immediate action to
implement one or some of the simpler improvements is
recommended. This permits the team to see the fruit of
their labors.

The process technique was instrumental in permitting an
understanding of the work the team was studying. Getting
the steps of the process mapped out right off the bat
contributed to the team’'s ability to move right through the
problem and solution phases. The process steps can be
modified later as they are better underatood. It is
important that the team not set the boundaries of their
process too narrowly. The process can be better understood
by reaching across the interfaces into the supplier and user
steps of the process. "How doesg it get to us?° and °"Where
does it go from here?” are two good questions to asgk.

The unique characteristics of the engineering

environment affect performance management. Engineers are
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trained problem solvera. They may not need training as
detailed as some other functiona. Engineers as
professionals are typically proud of the quality of their
work. Suggestions that their work lacks quality or needs

more quality will likely be met with resistance.

Engineers Work Quality

Engineers are Committed
to Work for Quality

Figure 27. Engineers and Quality

The goal of improvement may be get by management or
determined by the team. In either case, the goal needs to
be clearly stated at the outset of the team’'s effort. The
goal must be definite and verifiable. For example, rather
than say “Improve the design review process” say “Reduce all
change orders by 50%.°

Participation is a fundamental concept in team problem
gsolving. Protocol must be followed to assure that all
members are given a chance to contribute. In addition,
tangents of interest to part of the team but of no interest
to others must be controlled, or scme members will lose
interest. Progress toward the goal must also be maintained,

again discouraging tangents. The reigns must not be held
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too tightly, though. When the team iz animated and
digscugssion is active, provide some leeway to sSee 1f the
discussion will turn into something fruitful and directed to
the task before curtailing the interaction to get back on
track.

A change in culture is making the adjustment in attitude
needed to view the organization’s work in terms of its
processes and seek to improve those work processes. This
culture change can be accomplished “on the job" by getting
the team involved in the process oriented problem solving
routine. Their perspectives will change as their enthusiazm
increases for improving their work. Encourage the team to
share with their co-workers what they are doing on the team.
Have them invite guests to meetings. Spread the news.

Use of a facilitator to aid the team in following the
problem solving routine and keeping on track is encouraged.
The facilitator must be careful not to dominate the
meetings. In tfact, this person might even be almost
invisible when the team is working well toge£her. But when
the team has a problem and needs help or gets sidetracked,
the facilitator can bring an objective voice to bear and
agsist the team. This person must be ready to refresh the
team’sa memory of where they were and what they were doing
after any recess in their regular meetings. He/she must
also assure that the materials and room needed for the

meetings are in order. The person facilitating the meetings
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needs to receive training in group dynamics and problem
solving techniques prior to stepping into the role. Thié
small investment will be well repaid in improved meetings
(Todd, 1990). The facilitator must be ready to be strong
and gstep in as peacemaker when the team gstartz battling over

opposing views.

Table 15. Facilitator Duties and Needs

1. Be inviesible (except
when needed)
2. Be ready to help
3. Prepare for team meetings
4. Recelve training in team
dynamice and problem solving
8. Keep the peace

Management must be committed to the efforts of the
performance management team. However, management must not
crowd the team. Their interest in how things are
progressing needs to be satizfied by reports from the team
leader or facilitator. The temptation to crash in on a
meeting must be avoided, for their presence will curtail
team participation. The first line supervisor of the
members of the team is an exception. This person may be
very beneficial to the team. Implementation actions and
delegation are more eaz2ily accomplished when such a person
is a team member. Management needs to make arrangements for

whatever regsources the team requires, and to invite
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representatives from other organizations lnterfacing with
the team’s process to attend meetings if needed.

Management has two important selection roles to perioom
for the performance management effort. The process for the
team to focus on must be chosen. Care must be taken not to
overload the team on their first attempt. Pick a simple
process as a team’s pilot project. Let them cut their teeth
on it. More detailed processes can follow. The members of
the team must be carefully =zelected. They must know their

jobs well and be able to bring that knowledge to the group.

Involved
Management
Select Process Select Process
for Improvement Action Team

Figure 28. Management Selection of Proceza and Team

A first line supervizor can be a useful member, bringing
lots of related information. The members do not all have to
be peers. Further management direction is needed if there
i8 aome environmental or organizational change which affectsa
or alters the procegs the team is working on. The team must

be kept up to date on any new information which may affect

their effort.
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Measurement of success of the actions implemented is a

step that must not te overlooked. It is this measurement
which will provide the clearest indication or the value of
the improvements made. Management will be interested
ultimately in seeing a report of each problem identified,
gaolution propo=sed, action taken, and measured results -f
that action. The achievements of the team need to be

organized in this manner.

Table 16. Contents of Record of Achievements

The problem identified
The cause of the problem
The solution proposed
The action taken

The measured results

N D

Results. All five of the members of the treatment
group returned both the pretest and the post-test survey.
Only four of the five members of the control group returned
both. This affects the experiment by reducing the already
small sample size, which will increase the magnitude of
difference which will be found significant. In addition,
some members of the control group left responses blank.

This has the same effeat for individual questions. The data
collected from these surveys ig presented in Appendix G.

The Quality Questionnaire survey is divided into s2ix major

categories, with questions in each to measure attitudes
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gpecific to that category. The reaponses ghown in
Appendices H through M are divided into these szix

categoriea, which are listed in Table 17.

Table 17. Quality Questionnaire Categories

I. Leadership
I1. Strategic Quality Planning
III. Human Resource Management

IV. Quality Assurance of
Products and Services

V. Quality Results

VI. Customer Satigfaction

The gtat stical tests of the data are contained in
Appendix M. The assumptions, hypotheses tested, and
procedure used for testing are recorded. Four separate

tegsts were performed. Thege are ligsted in Table 18 The

Table 18. Statistical Tests Performed

Comparison of Groups’' PreTest Results
Comparison of Groups  PreTeat Variance
Comparison of Groups’' Change Results
Comparison of Groups’' Change Variance

> N -

first test was for the equivalence of the control and
treatment groups at the time of the pretest. This
equivalence 18 a condition of declaring the obstacle of
regresgssion controlled in the experiment. The results of

this test are contained in Appendix I. For each question,
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the average response of the treatment group was compared to
the average response of the control group. For all but one
question, the two samples were found to be the same, at the
precision level alpha of 0.05. The treatment and control
group were then declared equal for the purpoges of this
experiment, and the obstacle of regression controlled.
Figure 26 illustrates the comparison of average responses in
each major category between the control and treatment
groups.

The second test was for the equivalence of variance
between the control and treatment groups at the time ot the
pretest. This equivalence is a condition of the first
teat, allowing the parametric statigstical test to be uzed.
The resultas of this test are ccntained in Appendix J. For
each question, the variance ot the responsez of the
treatment group was compared to the variance ot the
regponses of the control group. For all but four questions,
the two samples were found to be the same, at the precision
level alpha of 0.05. The treatment and control group were
then declared to have equal variance for the purposes of
this experiment, supporting the assumption of the first test.

The third test was for the degree of change between the
control and treatment groups from the pretest to the post-
test. Measuring this degree of change was the objective ot
the experiment. The resgults of this test are contained in

Appendix K. For each question, the average change in
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Figure 29. Group Pre-Test Comparison

71




response of the treatment group was compared to the average
change in respcnse of the controi group. For all but two
questions, the two samples were found to be the same, at the
precigion level alpha of 0.05. The treatment and control
group were then declared equal for the purposes of this
experiment. No difference in change in attitude toward the
six quality categories was found over the course of this
cage analysis and experiment. Figure 30 illustrates the
comparison of average change in responses in each major
category between the control and treatment groups.

The forth test was for the equivalence of variance
between the control and treatment groups’ change in
responses associated with the third test. This equivalence
ig a condition of the third test, allowing the parametric
statistical test to be used. The results of this test are
contained in Appendix L. For each question, the variance of
the responses of the treatment group was compared to the
variance of the responses of the control group. For all but
eleven questionsg, the two samples were found to be the same,
at the precision level alpha of 0.05. The treatment and
control groups could not be declared to have equal variance
bagsed on this test. However, the matter was not pursued to
the extent of performing non-parametric tests.

Digscussion. No difference was found in change of
attitude toward quality between the treatment and control

groups. The treatment group was exposed to initial training
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in process improvement techniques. They participated in
seven months of meetings using these techniques to improve
the design revizw procegg. The ccntrol! group was not
exposed to any unordinary training or techniques. And yet
when given the post-test, the control group showed a change
in attitude toward the quality categories little different
than the treatment group. Several reasgsons are possible for

thisg lack of difference.

Table 19. Possible Reagons for Lack of Difference

1. Time between pretest and post-test
2. Inadequate culture change training
3. Participation does not change attitude

The periocd of time between the pretest and post-test
may not have been long enough to observe significant
attitude changes in the treatment group. Penformance
management has been described earlier as needing a long term
commitment. Short term results are not to be expected. The
seven months between the pretest and the post-test may have
been insu!ficiént for the culture change that accompanies
process improvement efforts to be gseen. Culture change is
defined as a transformation of viewpoint from "business as
usual® to “continuous improvements." If more time had been
available between the two tests, perhaps a significant

difference between the two groups would have been observed.
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This posgsibility could be tested for by administering
another post-test at some later date.

Another posgsible reason is that the initial training
provided to the treatment group did not include adequate
emphagis on culture change. The training provided was
completed in twenty minutes at the first team meeting. An
introduction to process flow-charting and brainstorming
techniques was all that was included. Perhaps more of an
emphasis needed to be made on change of attitude to one that
iz most conducive to performance management. Without thie
emphasis, the treatment group may not have had sufficient
exposure to the broad spectrum of quality issues to result
in changed attitudes. This could be tested for by testing a
similar implementation of performance management in another
organization where initial training includes culture change
training.

An additional potential reason for the lack of
difference in attitude change is that the performance
management framework followed does not need or produce
attitude change. Engineers by profession are trained in
problem solving. The subjects of this case analysis and
experiment have, as engineers, been taught to seek quality
and better ways to solve problems. It may be that the need
for a cultural change prior to successful performance
management in an engineering environment is not critical.

However, a generalization of this nature cannot be made on
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the basis of the results of this experiment alone.
Significant additional testing of other engineering

applicationg of performance management would be required.

A performance management team was used to evaluate
and improve the Corps of Engineers design review process.
Improvements that resulted from this team effort are
summarized in Table 20. The observations of the experiences
of the team were catalogued and aszssigned to subjects.

Principles were then syntheszized from these observatione.

Table 20. Results of Performance Management Team

Representation on Selection Committee
Creation of Plan Room for Review
Consolidate the Branch Design Review
Point of Contact

4. Prepare User Review Checklist

5. Suggest Review Meeting with DEM Shops
6. Open Communications with Environmental
Management

Ol &) »~

These principles were compared to the information gathered
in the review of literature. From this comparison,

recommendations will be made in the next chapter.
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V. Conclusions and Recommendaations

Qverview

This chapter presents recommendations drawn from the
research reported in Chapters II and IV. These
recommendations include guggestions for more effective
implementation of performance management. In addition,
hypotheses to be tested in future research are proposed.

Finally, the conclusion of this research is stated and

supported.

Recommendations

Name of Improvement Effort. Much of the activity in
the area of performance evaluation and improvement has gone
under the name of Total Quality Management (TQM). The
Department of Defense used thig name in directing the
Services to adopt a framework for the management of
performance (Department, 1989b). The name used in this
thesis has been "Performance Management Framework.® While a
name does not a program make, it is important to note the
reaction of personnel in Air Force Civil Engineering to the
name TQM. Statistical process control and X-bar charts

often come to the minds of people familiar with TQM when

they hear the name. These statistical tools are important to
TQM in the manufacturing environment. The usefulness of

thege toolg in the design environment haz not been as well

established. To give the performance management effort a
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chance to get off the ground, a name without negétive
preconceptions to engineers needs to be selected.

The Air Force Civil Engineering and Services community
has decided to use the name "Engineering and Services
Quality Management Program® (Ahearn, 1960). This identifies
the effort with the engineering community. It also
distinguishes the effort from stock TQM. Maintaining this

distinction isg recommended.

ENGINEERING AND SERVICES

QUALITY MANAGEMENT PROGRAM

Figure 31. A Name for the Engineering Improvement Effort

Uge of Training Course. The Performance Management
Framework Training Course developed in this research and
presented in Appendices A, B, and C is uniquely suited for
use in the base level Engineering Branch environment. While
dozens of guides for TQM exist, and even several aimed at
service organizationg, none are tailored to Air Force Civil
Engineering as this one is.

This training course is degigned to assist Engineering
Branch managers, engineers, and others who contribute to the

preparation and execution of projects for real property

congtruction, maintenance, and repair. Thege individuals
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are challenged with providing and maintaining quality
facilities tor Air Force organizations to perform their
missiong. Evaluation, management and improvement of the
performance of Engineering Branch personnel is central to

continuing to fulfill this mandate.

Table 21. Performance Management Framework Objectives

Foster a management perspective conducive to
performance improvement

Create an organizational environment promoting
performance improvement

Continually encourage the quest to discover and
implement ways to improve performance

The objectiveg for use of a framework for performance
management are listed in Table 21. The objectives of the

training course which presentaz gsuch a framework are listed

in Table 22.

Table 22. Training Course Objectives
To equip civil engineering personnel to manage the
Performance Management Framework
To create momentum for performance improvement

To promote within civil engineering personnel a
perspective for improvement

To provide the essential tools and techniques to

eatablish and maintain a Performance Management
Framework
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The goal of this training and the handbook which
accompanies it is to acquaint Engineering Branch members
with a framework for managing performance and to provide the
tools needed to use this framework. It was designed to be
taught by a member of the Engineering Branch. Thia person
does not need an extensive background in performance
management nor experience in teaching. A few houra time in
advance to become familiar with the contents of the coursge
are all that are required. However, a course leader with
background or experience in either of these would likely be
more effective than a novice.

The training course iz dezigned to be three days in
length, eight hours each day with an hour for lunch. The
material iz presented through a mixture of group interaction
and exerciseas that encourage experiencing the principlea as
they are digcovered. The courzse ig to be hosted at the
squadron location, to allow the Engineering Branch members
to learn in their own environment, and to minimize
disruption to their routine.

This course was developed based on experiences and
lessong learned in the implementation and use of a framework
for performance management in an actual Engineering Branch
environment. Air Force engineering organizations may use
this course in conjuction with other training available from
the Air Force Civil Engineering and Services Center to begin

a gquadron-wide performance management effort. Contact Ray
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Hatch, AFESC/DEMG, Tyndall AFB, Florida, AV 523-6401 for
further information on other training materials.

The coursgse presented in thisg research is available at
little cost to the interested organization. No teams of
consultants are needed. The course may be taught with
materials and personnel already present in the Engineering
Branch. It provides the tools, place to get started and
attitude for improvement that are needed to begin improving
the way work ig accomplighed in the Engineering Branch at
basge level.

Several characterigtics diastinguish the training
provided by this course from other training available.
Thege are the reasons thias training course might be chosen
over other alternative ways to implement a performance
management framework in civil engineering. First, this
courge recognizes the unique nature of the engineering
environment. The fact that the engineer’s product is ideas
and designs is accounted for. Second, the crucial
importance of management commitment and direction is
emphasized. Management involvement from the outset is
critical to assuring that lasting improvements are made
(Edosomwan, 1987:67-8). Third, the course stresses creative
ways of measuring the output of engineering which is often
difficult to quantify. For performance management to be
effective, a syatem of measurement i3 essential for

monitoring the work processes before and during the
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improvement efforts (Dingus and Hrivnak, 1988:30). Fourth,
the target of improvement is defined as more than just the
quality issues which are stressed in other training. The
broader goal of performance, including quality but also
productivity, effectivenesa and efficiency needs to be the
target in civil engineering (Armentrout, 1986:142-144).
Fitth, the course develops the iggue of training, to provide
individuals the tools and attitude needed to participate with
others in improving their work. Training is an element of
performance management which cannot be neglected, for both
the team members and the leaders and facilitators (Todd,
1990). Finally, the innovative process viewpoint on work
allows the activities of the workplace to be understood, and
congsequently improvement propogsed that get to the root of

the problem (Kacker, 1988:41).

Table 23. Advantages of This Training Course

1. Recognizes the unique nature of civil engineering

2. Emphasizes management support and direction

3. Stregses ways to measgsure engineering performance

4. Defines broad goal of improvement beyond quality

8. Develops training objectives for tools and attitude

6. Presenta process viewpcint of work activitiesz

Performance Improvement Teams. A fundamental concept
of performance management is participation. This means

getting the workers involved in evaluating and improving

their jobs. These people are the ones most familiar with
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their work and the problems they face, and zo are often more
aware of what improvements are possible than management is.
Using a team approach also encourages more creative
solutions to problems, as the group can bounce thoughts
around to come up with new ideas (Todd, 19600).

A team can formed all from the same functional area, or
represent a functional cross-section, as appropriate tor the
work process being addressed. From five to eight members
are ideal. These members might be volunteers or hand-picked
by management to bring the needed experience and knowledge
to the team. The team will meet together over a period of
time, usually once a week, to collectively study and propose
solutions to a work process or problem the organization has
identified. When their recommendations are complete, their
proposals are presented to management. Management must then
demonstrate their support and commitment to the effort by
implementing actions recommended by the team, and
recognizing the team’'s efforts through awarda and publicity.
The team is then diabanded, their job complete, or assigned
a new procesg or problem (Todd, 1980).

Scope of Pilot Project. The bazic pattern for
performance management iz to establish a performance
improvement team to propose and implement improvements in a
work process. A temptation will be to start on the most
problem-plagued, complex work process the organization has.

This can lead to discouragement of the team and failure of
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the improvement effort. The newly formed performance
improvement team should be allowed to focus on a lesas
complicated but still important process to begin with. This
is often called a pilot project. With this experience under
their belt, the team, or even another team, is better able
to proceed on to more difticult challenges.

Hypotheses for Further Research. This research effort
wag qualitative in nature. As such, it sought to increase
the body of knowledge in existence on the subject of
performance management in civil engineering. A stated goal
of this research was to develop hypotheses for further
research. The nature of this subject was not well enough
understood to propose any reasonable hypotheses to be tested
in this research. Having developed the subject through this
research, several hypotheszes can now be proposed.

Hypothesis: Using the training course presented
herein will result in saving more resources than are
expended in the firat year. This would be tested by
gselecting a szample po